Abstract
Introduction

23
The bio-gold nanoparticles synthesized by microbes are the result of various molecular strategies to overcome 24 the mental stress by decreasing redox state of metal electron shuttle which can be extracellular or intracellular,
25
leading to the conversion of gold metal ions to nanoparticles of defined shape and size (Konishi et al., 2006 ).
26
The biosynthetic approach is particularly significant over the chemical synthesis leading to generation of toxic 27 substances and expenditure of heavy metal and the nanoparticles have a tendency to clump together and are 28 rendered useless nanoparticles produced by physical method are unstable and tend to agglomerate (Ali et al., 
40
Meloidogyne incognita is a nematode belonging to family Heteroderidae and is commonly known as root-knot 41 nematode as it prefers to attack the root of its host plant. It has worldwide distribution and numerous hosts. 
52
Material and methods
53
Isolation of bacterial isolate
54
The bacterial isolate used in this study was isolated from a gold mine of Khaltunala using serial dilution 55 technique in nutrient agar after incubation at 37oC for 48 hrs. The bacteria were characterized morphologically,
56
and biochemically and finally molecular using 16S rDNA technology (Holt et al., 2000) . Qualitative 57 determination of gold nanoparticles synthesizing ability of Bacillus licheniformis was determined which was 58 depicted by the color change from pale yellow to red wine color.
59
In vitro synthesis of gold nanoparticles by indigenous Bacillus licheniformis strain GPI-2
60
Extracellular biosynthesis of gold nanoparticles was carried out using supernatant of Bacillus licheniformis 61 strain GPI-2, treated with 1mM gold chloride solution followed incubation at 37oC and to achieve maximum 62 gold nanoparticles activity, the time range of 0-240 hrs was investigated.
63
Characterization of gold nanoparticles was carried out using Bacillus licheniformis strain GPI-2
64
UV-vis spectroscopy
65
The biosynthesis of gold nanoparticles indicated via visual observation of the color change of the culture filtrate 66 and confirmed by UV visible spectroscopy.
67
Fourier transform infrared (FTIR)
68
Microcup was washed with 100% absolute ethanol. 10 ul samples was filled in a 2 mm internal diameter micro-69 cup and loaded onto the FTIR set at 26°C ± 1°C. The samples were scanned in the range of 4,000 to 400 cm−1 70 using a Fourier transform infrared spectrometer (Thermo Nicolet Model 6700, Waltham, MA, USA). The 71 spectral data obtained were compared with the reference chart to identify the functional groups present in the 72 sample.
73
Transmission electron microscope
74
A drop of the sample was applied to a carbon coated copper grid. After about 1 min, the excess solution was 75 removed using blotting paper and the grid was air dried before analysis.
76
The direct vulnerability of Meloidogyne incognita
77
Germination of tomato seeds
78
To study the nematicidal effect the bio gold GNPs prepared as above Solanum lycopersicum were prepared 79 from Departmental of Vegetable Science DR YSP UHF Nauni. Thus seeds were shown in pot tray containing 80 autoclaved sand and topsoil (1:2) for germination. The seedlings after reaching two leaf stages were transplanted 81 into plastic pots containing a similar mixture as above. In this manner, 60 seedlings were transplanted into 60 pots and these were maintained in the greenhouse to be used for further bioassay of nematode egg hatch and 83 survival.
84
Meloidogyne incognita
85
The culture of Meloidogyne incognita was maintained on the tomato plants. They were maintained as a 86 greenhouse stock culture on tomato cv. Rachna. Infected plants were uprooted, and the entire root system was 87 dipped in water and washed gently to remove adhering soil. Egg masses of M. incognita were collected using 88 forceps, disinfected with a 0.4% solution of sodium hypochlorite for three minutes then rinsed three times with 89 sterilized water. Egg masses were placed in an autoclaved tissue grinder and gently crushed, then pipetted onto 90 an autoclaved 25 μm aperture sieve and rinsed with sterilized water. A subset of the collected eggs was used for 91 the egg hatch bioassay whilst the remainder was incubated at 25°C until hatched in order to obtain J2. The fresh 92 nematode inoculum (2.00 J2ml-1) was used for in vitro and pot experiments.
94
The vulnerability of M. incognita to gold nanoparticles in water J2 of M. incognita isolated from tomato plants
95
were used for this direct vulnerability assay to gold nanoparticles was done to get an insight of nematicidal 96 activity of gold nanoparticles. 30 nematodes were added to 3ml of a solution containing 0,100,200,300,400,500
97
ul of a colloidal solution of GNPs with five replication treatment and incubated at room temperature 25OC.
98
Nematode mortality rate was measured with an inverted microscope. After every 30 minutes, samples were 99 checked for the mortality and their rate was recorded to determine the effective dose required for affecting 100 nematodes. Healthy nematodes were defined as those were curled where as vulnerable or unhealthy nematodes 101 were defined as those that appeared stiff or straight bodies.
102
Soil treatment with gold nanoparticles:
103
The soil was inculcated with M. incognita. The water saturation level of the 50 cm3 soil sample was 104 predetermined to be 25ml. The total was homogenized divided into 50 cm3, placed into a plastic container and 105 then saturated with 25ml. gold nanoparticles solution at 0,300,600,900,1200,1500 ul. The samples were 106 arranged in a completely randomized design with five replicates and incubated at room temperature for one to 107 ten days. After the designated exposure time nematodes were extracted after from samples using Baermann tray 108 system. After 48 hrs submergence in water, the samples were then poured into sieve filtered M. incognita were 109 counted using an inverted compound microscope. 
119
Estimation of photosynthetic pigments
120
Photosynthetic pigments (chlorophyll a) in leaves were assayed according to Hiscox and Israelstam (1979) . The 121 extraction was made from 100 mg of fresh sample in acetone (80%) in the dark at the room temperature and
122
was measured with a UV/VIS spectrophotometer (Shimadzu UV-160, Kyoto, Japan) ( Salem and Amari, 
125
Measurements of total leaf conductance and transpiration rate
126
Total leaf conductance and transpiration rate of the tomato measured using LiCor, 6400XT, Lincoln, NE, USA.
127
Results
128
Isolation of gold nanoparticles synthesizing bacteria was carried out from different samples viz. yellow soil,
129
pebbles, biofilm and stalagmites collected from a local gold mine using nutrient agar medium at 37ºC (Figure- 
165
The direct vulnerability of Meloidogyne incognita to gold nanoparticles in cavity block experiment
166
The direct vulnerability of Meloidogyne incognita to gold nanoparticles in water was evaluated and it was found 167 that gold nanoparticles increased the mortality of Meloidogyne incognita effectively and efficiently. After one 168 hour of application of GNPs mortality was initiated and 100% mortality has been achieved after three hours. It 169 was observed that after application of gold nanoparticles crystallization of water occurred even at room temperature followed by clumping or aggregation of these nematodes leading to mortality. T-4 treatment 171 consists of 400µl of bio gold nanoparticles found to be highly effective to cause the maximum mortality 172 whereas in case of control no mortality has been found ( figure-5a, b) . 
205
as compared to control. The dry weight data was also found to be similar with fresh weight data (Figure-20a, b) .
206
The results obtained from the in vivo experiment effect of biogold nanoparticles Bacillus sonorensis KRI-7 of 207 both plant species was found to produce a very significant increase. In case of Solanum lycopersicum shoot 
234
Gold nanoparticles induced a slight increase in the root, shoot length, chlorophyll content and protein content. 
266
Antarctica.
267
The present investigation has provided evidence that gold nanoparticles have the highest rate of mortality and
268
were effective for management of root-knot nematodes (Cromwell et al., 2014) 
287
Plant growth promoting
288
In the present investigation we have found that gold nanoparticles significantly increased the seed germination 
